ABSTRACT: Composites of polypropylene and oil palm empty fruit bunch (OPEFB) were prepared by melt blending using ENGAGE TM 7467 (polyolefin elastomer) as an impact modifier. ENGAGE TM 7467 is a polyolefin elastomer. The mechanical properties and morphology of composites have been studied. Tensile tests showed that addition of ENGAGE TM 7467 improved the elasticity of the composite, thus reducing the stiffness of the composites but no significant changes on tensile strength. The impact strength was also improved with the addition of ENGAGE TM 7467, but no significant effect on flexural test was observed. This result indicates that the ENGAGE TM 7467 forms a flexible interphase around the OPEFB particles, giving the composites better impact strength for both notched and unnotched samples without degrading the fiber and matrix interaction. The ENGAGE TM 7467 composites characterized using Fourier transmission infrared spectroscopy showed that there is no shifting of peaks, indicating that the addition of ENGAGE TM 7467 does not affect the interaction between matrix and filler.
INTRODUCTION
A protect our environment. Composite materials from the annually renewable natural fibers and biodegradable matrices have been developed in the past decade in an attempt to find alternatives to the fossil fuel-based polymeric materials in the automotive and packaging industries.
One of the problems associated with biodegradable composites is the price, which limits investigation of these materials to a laboratory scale. With the new economic climate turning attention to larger volume industrial uses, a wide variety of agro-based resources for the manufacture of new composite materials including geotextiles, filters, sorbents, structural/nonstructural composites, molded products, and combinations of other materials make it possible to explore new application areas such as packaging, housing, and automotive products [1] .
Polymer blending is a simple and efficient method for designing and controlling the performance of materials using easily available polymers [2] . The incorporation of dispersed elastomeric particles in a rigid polymer matrix has attracted great attention because of the industrial importance of the resulting materials among other types of polymer blends [3, 4] . The essential characteristic of rubber toughening is that the impact resistance of the parent rigid polymer increases substantially, in return for a limited reduction in stiffness [5, 6] . Addition of filler such as natural fiber may increase the stiffness of the blends.
Among the natural fibers, oil palm empty fruit bunch (OPEFB) fiber is very common in Malaysia. The OPEFB is a solid waste product of the oil palm milling process, extracted by the retting process of the empty fruit bunch and has a high moisture content of approximately 55-65% and high silica content of about 25% of the OPEFB [7] . Average yield of OPEFB fiber is about 400 g per bunch. Mesocarp fibers are left as a waste material after the oil extraction. These fibers must be cleaned of oily and dirty materials. The treated empty bunches are mechanically crushed (de-watered and de-oiled) in the process, but are rich in major nutrients and contain reasonable amounts of trace elements. They have a value when returned to the field to be applied as mulch for the enrichment of soil. However, it was noted that over-application of the effluent must be avoided as it may result in anaerobic conditions in the soil by the formation of an impervious coat of organic matter on the soil surface [7] . Thus, new application of OPEFB is needed to avoid environmental pollution.
The possibilities of using OPEFB fiber as a potential reinforcement in phenol-formaldehyde resin has been reported [8] . The mechanical performance of phenol-formaldehyde resin is greatly improved by the incorporation of these fibers. The resultant composite product will be a cost-effective and value-added substitute for conventional building materials, which can act as a better substitute for wood in building industry. This requires extensive study of the chemical and physical characteristics of these fibers.
The issue of compatibility of OPEFB fibers with the matrix has been studied by many researchers [9] . The key is on how to overcome the chemistry in hydrophilic nature of fibers and the hydrophobic tendency of polypropylene (PP). Various ways to tackle the issue have been discussed [10] . In this study, the effects of adding impact modifier ENGAGE TM 7467 on mechanical properties of the composites will be analyzed. ENGAGE TM 7467 ethylene-butene copolymer is a high-performance copolymer that offers superior impact properties for more demanding thermo-plastic olefin applications. ENGAGE TM 7467 is also cheaper than ENGAGE-8440, i.e., ethylene-octene copolymer because of the presence of octene monomer [11] . A comparison will be made to investigate the advantages of adding the impact modifier.
EXPERIMENTAL Materials
OPEFB fiber was obtained from Sabutek (M) Sdn. Bhd., Teluk Intan, Perak, Malaysia. PP impact copolymer, Titanpro Õ SM950, was obtained from TITAN PP Polymers (M) Sdn. Bhd., Pasir Gudang, Johor, Malaysia with melt flow index and density of 60.0 g/10 min and 0.90 g/cc, respectively. The EBNR 7467.00 ethylene-butene copolymer (ENGAGE TM 7467) was supplied by Dow Chemical Company (DOW), United State with density of 0.862 g/cm 3 .
Preparation of Fiber
OPEFB was soaked in distilled water for 24 h. Then, it was heated at about 608C and stirred. This process was repeated twice. Later, the fiber was filtered and washed with acetone and dried in the oven at 608C. The whole process was to remove the wax layer from the fiber. The long-strand fibers were ground into small particles and sieved to sizes 200 and 315 mm. Fibers of size less than 200 mm and between 200 and 315 mm in size were used for the study.
Preparation of Composites
The compounding of PP and OPEFB was carried out in a Thermo Haake blending machine to study the effects of fiber loading, fiber size, rotor speed, and blending time on the properties of OPEFB:PP composites. These optimum conditions for blending were used in the next blending to study the effect of adding ENGAGE TM 7467. The effects of ENGAGE TM 7467 on 40:60% OPEFB:PP composites were studied by blending both sizes of fiber, 200 and 315 mm. These experiments were done at 1708C with rotor speed at 50 rpm in 10 min of blending.
The sheets were prepared by placing 20 g of the blends into a mold with the dimensions 16.5 Â 16.5 cm 2 , with various thicknesses of 1 and 3 mm. The OPEFB:PP composites were preheated for 10 min with upper and lower platen temperature at 1708C. Breathing time of 10 s was allowed to release bubbles and to reduce void. The OPEFB:PP composites were then pressed at the same temperature for another 10 min at a pressure of 150 kg/cm 2 and cooling to 508C was carried out for 5 min.
Characterization
Fourier transmission infrared (FTIR) spectroscopy analysis was carried out using a Perkin-Elmer Model 1750x FTIR spectrometer. A small amount of sample to be tested was pressed into film form and analyzed. The transmission of infrared spectra was obtained in the range between 400 and 4000 cm À1 at room temperature. Scanning Electron Microscope LEO 1455 VPSEM attached with OXFORD INCA ENERGY 300 EDX was used for the scanning electron microscopy (SEM) analysis on the fracture surface of tensile test. SEM analysis was carried out to investigate fiber splitting, fiber pull-out, debonding, matrix cracking, and fiber-matrix adhesion. Samples were dehydrated for 45 min before being coated with gold particle using SEM coating unit Baltec SC030 Sputter Coater.
Testing of Composites
Tensile properties were measured with Instron machine model 4302, with grip attachment distance of 45 mm. Load of 1.0 kN was applied at a constant crosshead speed of 5 mm/min. Test specimens were prepared and stamped in accordance to ASTM D638 Type M3 dumbbell parameters. Ten replicates for each sample were taken.
Flexural properties were characterized using the rectangular bar samples in an Instron machine model 4302 with a three-point bending geometry at a crosshead speed of 2 mm/min. The force was measured by a load cell of 1 kN and the displacement determined from the movement of the crosshead. Test specimens were prepared and stamped in accordance to ASTM D790.
The average values were calculated from five runs for each sample. The calculations for flexural strength and modulus are given below:
Flexural strength ðMPaÞ ¼ 3PL 2bd 2 Flexural modulus ðMPaÞ ¼
where L is the span between the centers of supports (m), P the ultimate failure load (N), ÁW the increment in load (N), b the mean width of the sample (m), d the mean thickness of the sample (m), and ÁS the increment in deflection (m). The Izod impact test was carried out according to ASTM D256 Type B standard using an impact tester (IZOD/Charpy Impact Tester), with a 2.71-J pendulum to determine the impact strength. The sample size is 64 Â 12.7 Â 3 mm 3 and the notch length is 2.5 mm. Izod impact resistance was calculated as follows:
Impact resistance ðJ=mÞ ¼ energy ðJÞ tðw À cÞ where t is the specimen thickness (m), w the width of specimen before notching, and c the notch depth.
RESULTS AND DISCUSSION
ENGAGE TM 7467 is an ethylene-butene copolymer that has excellent flow characteristics and it is expected to improve the impact properties of PP composites. Addition of OPEFB usually makes the composites more stiff; thus, impact modifier is added to decrease the stiffness of the composites. Use of ENGAGE TM 7467 as impact modifier may also increase the interfacial interaction between OPEFB and the matrix, PP. The increase in the polymer-filler interaction should be reflected by an increase in tensile and flexural strengths as well as other mechanical properties. Examination of the tensile fracture surfaces of the composites by SEM gives information on how impact modifier affects the morphology of the composite. Figure 1 shows the FTIR spectra of EBNR, composite of OPEFB:PP, and OPEFB:PP with EBNR. The spectrum of OPEFB:PP composite shows a Oil Palm Empty Fruit Bunch-Polypropylene Composites characteristic broad absorption peak of hydroxyl group at around 3440-3400 cm À1 . This is attributed to O-H stretching vibration of cellulose, absorbed water, hemicellulose, and lignin constituents of OPEFB [12] . The presence of the peak around 2900 cm À1 could be associated with C-H stretching vibration of methyl and methylene. The presence of carbonyl groups in hemicelluloses and lignin of OPEFB is indicated by the absorption peak at around 1730 cm À1 and the peak around 1600 cm À1 due to absorbed water in cellulose. The peak around 1454-1442 cm À1 shows the bending of -CH 2 and -CH 3 in all FTIR spectra. The absorption band in the region of 1024-1014 cm À1 in OPEFB spectrum indicates C-O stretching aliphatic primary and secondary alcohols in fiber as suggested by Mubarak et al. [13] . The absence of significant changes in the position of the peaks indicates that there is no strong interaction between the fiber, PP, and EBNR.
FTIR Analysis

Tensile Properties
Tensile strength of a composite is generally dependent on factors such as filler content, degree of adhesion between filler and matrix, and the dispersion between filler and matrix. Figure 2 depicts the effect of the percentage of filler and filler size on the tensile strength of the OPEFB:PP composites. The tensile strengths of the composites slightly decreased with increasing filler loading from 10% to 50%, due to the poor interfacial bonding and the presence of agglomerate fillers [14] . The fiber acts as filler in the resin matrix, which actually weakens the composite because of the poor interfacial adhesion. The weak bonding between the hydrophilic filler and the hydrophobic matrix polymer obstructs stress propagation, and causes the tensile strength to decrease as the filler loading increases [14] . Figure 2 also shows that samples with smaller particle size give almost the same result, compared to bigger size of filler especially for 30% and 40% of OPEFB. However, for composites with 10% of filler, smaller size of filler gives a higher result. Samples with smaller filler size (higher surface area) give better adhesion with matrix, which may be attributed to a better distribution of fiber in PP, thus allowing a more efficient transfer of stress along the fiber/matrix interface [14] .
Fillers with stiffness higher than that of the matrix may increase the modulus of the composites. The increase in tensile modulus with the increase of fiber loading (Figure 3) indicates that PP has the inherent stiffness of the OPEFB fillers [9] . Generally, Young's modulus reflects the capability of both fiber and matrix materials to transfer the elastic deformation in the case of small strains without interface fracture. Therefore, this attributes to the fact that the tensile modulus is less sensitive to the variation of interfacial adhesion than the tensile strength which is strongly associated with interfacial failure behavior [15] . The sudden increase in tensile modulus also indicates a better distribution of fiber in the matrix at 30% fiber loading for both filler sizes. Increased modulus with fiber length is easily understood because longer fibers are carrying more tensile loads as a result of increased transfer length [16] . For 30-50% of fiber loading, there is the increase in tensile modulus for both particle sizes but the increment is higher for smaller particle size. The higher surface area of filler gives better adhesion in composite, thus forming a stiffer material which is attributed to higher modulus [9] .
Elongation at break indicates the plasticity of materials; thus, the percentage of elongation at break is quite high in the case of pure PP resin. Almost all of the elongation occurs in the matrix if the filler is rigid. If there is good adhesion between the filler and the matrix, a decrease of the elongation at break, even with small amounts of filler, can be expected. If the adhesion is poor, the elongation at break may decrease more gradually. This seems to agree with the results obtained. Reinforcement of PP with fiber which is an immiscible component generally decreases the elongation properties considerably, despite the state of interface between different phases [17] . Figure 4 shows the effect of filler content on the elongation at break for OPEFB:PP composites. The percentage of elongation at break decreases with the increase of fiber contents of OPEFB:PP, indicating that the composites became more harder. Figure 5 shows the tensile strength of the OPEFB:PP composites with ENGAGE TM 7467 loading. The ENGAGE TM 7467 impact modifier has a negative effect on the tensile strength for all the composites prepared. Oksman and Clemons [18] also reported that the addition of ethylene/ propylene/diene terpolymers impact modifier had a negative effect on tensile strength. The ENGAGE TM 7467 loading results in the decrease of tensile modulus because the rubbery nature of elastomer decreased the stiffness of composites ( Figure 6 ). Figure 7 shows the effect of ENGAGE TM 7467 on elongation at break. The positive effect of impact modifier may depend on a more flexible matrix (addition of ENGAGE TM 7467) and maybe further affected by the development of a flexible interphase around the fiber particles [19] .
Effect of Impact Modifier on Tensile Properties
The flexural strength and modulus of OPEFB:PP composites are shown in Figures 8 and 9 . The flexural strength of composites increases as the amount of fiber is increased, as depicted in Figure 8 . This is due to the ability of fiber to absorb stress transfer and to the compatibility between the fiber and the matrix. The presence of OPEFB as the filler in the composites also increases the flexural modulus of the composites (Figure 9 ). This is expected because the matrix has the inherent stiffness of the OPEFB filler which positively contributes to the overall stiffness of the composites [19] . 
Oil Palm Empty Fruit Bunch-Polypropylene Composites
An increase in flexural strength is seen with a decrease in OPEFB fiber length (smaller particle size), which is in contrast to the case of tensile strength where no significant change is seen. The flexural modulus increased with the decrease in fiber length, indicating that the interaction can be improved by increasing the surface area of the fiber. This is contrast with other previous studies, which show that the higher particle size gave a better result compared to lower particle size of fiber [19, 20] . Figures 10 and 11 show the effect of ENGAGE loading on flexural strength and modulus. The graph shows no significant effect on flexural strength, meaning that the ENGAGE loading in OPEFB:PP composites does not improve the incorporation that is unable to enhance the strength of composites. Also, flexural modulus shows the same trend as for flexural strength (Figure 11) . Thus, the result illustrates that the impact modifier is unable to interact synergistically and does not enhance the stiffness of composites.
Effect of Impact Modifier on Impact Properties
The Izod impact tests were conducted at room temperature. Basically, it is a test which indicates the ability of both the matrix and the fiber-matrix interface to absorb high speed impact. The impact strength of the composite depends on energy-absorption mechanism and the type of testing, whether the samples were notched or unnotched. Figures 12 and 13 show the Izod impact strength of the composites which decreased as the filler content increased for both notched and unnotched samples but it is not too obvious for a filler size of 200 mm. The poor interfacial bonding between the filler and the matrix polymer causes micro-cracks to occur at the point of impact, which causes the cracks to easily propagate in the composite [14] . These micro-cracks cause decreased impact strength of the composites. The increase in the amount of filler also increased the interfacial regions, thus exaggerating the weakening of the resulting composite to crack propagation. Addition of filler inhibits polymer mobility, thereby lowering the ability of the system to absorb energy during fracture propagation. The size and dispersion of filler particles in the matrix can affect the composite properties. Small, well-dispersed particles generally give better properties [21] . Small particles can block crack propagation, resulting in impact toughening. However, it is often difficult to disperse very fine particles because of their tendency to agglomerate. Figure 12 also shows the notched specimens exhibited lower impact strength than the unnotched specimens ( Figure 13 ). The notched tip is the stress concentrating point when impact occurs, and the easy propagation of the crack results in them having relatively low impact strength in the notched sample [14] . In the case of the unnotched specimen, the filler-matrix interface is the stress concentrating point and crack propagation begins at micro-cracks in the composite. The unnotched Izod impact energies were considerably larger than the notched Izod impact energies, and this is due to the different fracture processes involved in the notched and unnotched samples. The unnotched impact behavior is controlled to a considerable extent by fracture initiation process that, in turn, is controlled by stress concentrations at defects in the system. Notched impact behavior is controlled to a greater extent by factors affecting the propagation of fractures initiated at the predominating stress concentration at the notched tip. The fillers present at the notched samples may have absorbed some of the impact energy, whereas in unnotched samples, the crack was free to propagate at the weak point of the composite. In other words, the unnotched impact energies are not only a measure of crack propagation, but also of crack initiation [22, 23] . In the case of 100% of PP with the notched tip, the crack is initiated at the impact occurrence, but the unnotched specimen has no such defect and therefore shows significantly higher impact strength. Figures 14 and 15 show the effect of impact modifier on impact strength of each composition for the notched and unnotched samples. Improvements in impact strength were seen in all impact-modified systems. Stamhuis [24, 25] noted similar findings in talc-filled PP systems using styrene/ butadiene/styrene rubber as an impact modifier. Impact modifier with an affinity for the particles, partially encapsulated or coated the fiber particles rather than simply exist as separate domains in the bulk matrix. This encapsulation reduces stress concentrations at the particle-polymer interface, leading to better impact performance, but also results in lower Emoduli. For fiber size of 315 mm at 40% OPEFB, the impact strength increased with higher ENGAGE TM 7467 loading ( Figure 14) . For fiber size of 200 mm, 3% of ENGAGE TM 7467 loading gives optimum impact strength, but remains constant thereafter up to 8%. These results are not consistent because the samples were already notched. The optimum point of impact strength is reached with ENGAGE TM 7467 loading for every composite, but decreased when the higher ENGAGE TM 7467 is loaded for unnotched sample ( Figure 15 ). This may be due to the immiscibility of ENGAGE TM 7467 at higher volume, leading to poor properties of composites.
Scanning Electron Microscopy
Rubber particles and the interracial region between the PP matrix and the OPEFB filler were investigated. Figure 16 shows the microstructure of composite without impact modifier, showing an OPEFB particle embedded in the polymer matrix. The OPEFB particles were well dispersed on the PP matrix. The fiber particle is not broken and there are voids around the particle, indicating poor interaction between the fiber surface and the PP matrix. Figure 16 (a) with 50Â magnification shows clean pull-out of fiber from the matrix when stress is applied, and the holes look smooth demonstrating a complete separation of the fiber and the matrix; thus, the failure occurs at the weak fiber/matrix interface, as indicated by low tensile strengths. Micrographs taken at 300Â magnification show that some of the fibers pulled out break, indicating that there is some interaction between OPEFB and PP.
SEM micrograph in Figure 17 shows the morphology of OPEB:PP composite with ENGAGE TM 7467 loading. Compared to Figure 16 (a), Figure  17 (a) also shows holes after fibers are pulled out from the matrix, indicating the poor adhesion between the PP matrix and OPEFB particle. But the surface of OPEFB seems to be covered with a smooth layer of matrix (750Â magnification). There are still voids around the fiber particle, suggesting that there is no interaction between filler and matrix; thus, there is no improvement in tensile strength, which means that no loads can be transferred from the matrix to the filler.
The improved impact strength compared to the composites without elastomer additives can be explained by the better toughness value of the matrix itself. The micrographs and mechanical properties indicate that the ENGAGE TM 7467 forms an interphase that increases the elongation at break and impact strength effectively, and also decreases E modulus, but that the interphase is too soft for stress transfer from the matrix to the filler. It is difficult to see the rubber particles because of the good interaction between the matrix and ENGAGE TM 7467, which causes the failure in the PP matrix.
CONCLUSIONS
The effect of impact modifier ENGAGE TM 7467 on the mechanical properties and morphology of OPEFB:PP composites was explored. The tensile strength did not show any improvement when elastomer was added to composites compared to unmodified OPEFB:PP composites. The tensile modulus was improved when fibers 30% and above were added to pure PP for both size of fillers, 200 and 315 mm, but reductions were found when elastomer was added to these composite system. The improvement in flexural strength and flexural modulus was observed by the increase of fiber loading, but addition of ENGAGE TM 7467 reduced the flexural strength slightly but has a positive effect on flexural modulus when 2% ENGAGE SEM showed that poor adhesion in OPEFB:PP composites results in low tensile strength. The interphase in OPEFB:PP with ENGAGE TM 7467 composites that was formed effectively increased the impact strength, but it is too soft for stress transfer from the matrix to the filler to take place; thus, there is no improvement in tensile strength.
